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TECHNICAL NOTE NO. 1369

EFFECT OF GEOMETRIC DIHETRAL ON THE AERODYNAMIC
CHARACTERISTICS OF TWO ISOLATED VEE-TATL SURFACES
By Robert C. Schade

SUMMARY

Force tests of two lsolated wvee-tall surfaces with various
smounts of dihedral were made to provids-en experimental verification
of a simplified vee-tail theory end the results are presented which
wore found to be in good agresmsnt with calculabions of HNACA ACR
No. I.5A03., The talls had aspect ratlos of 3.70 and 5.05 and were
tested with dihedral angles of 0° %o 50° and 0% to 590, rosnectively.
Plots of the baglc test data and summarles of the date in the form '
of plots of the varlation of static~-stebility derlvatives and control-
effectivensss parameters with dihedral angle are included.

INTRODUCTION

In reference 1 a simplified veo~-tail theory was presented which
included a correlation with exgperimental data For two isclated tail
surfaces having various amounts of dihedrel. These experimental data
consisted of 1ift and lateral-force parametors which were based on
slopes and incremsnts obtained from plobts of force-teat remultse
Becauss of the recently increassd interest in vee tails, the complete
force~test resulis including moment dasta which were not previously
given are presented herein. These results include plots of all the
basic force-test date and sumeariles of the date in the form of plots
of the variation of different force and momsant naramsters with
dihedrel angle. The experimental data are correlated with calculations
basod on the simplified vee-tell theory of reference l.

SYMBOLS

The relation of the angles and force coefficients for the voe
tail in pitch and sidesliy are shown in figure 1.
Cy, 1ift coefficlent (Lift/qS)

Cy lateral-force coefficient (Y/S)
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rolling -moment coefficient (L/qSb)
pitching-moment coefficlent (M/gSS)
yawing-moment coefficient (N/as5b)
laterel force

rclling moment

pliching moment

yawing moument

dynamic pressure (%pV?), pounds per square foot

actual erea (not projected), squere feet

mean geometric chord, feet

actual span (not projected), feet

alrspeed, feet per second

mess density of air, slugs per cubic foot

angle of attack of chord line at plane of symetry, degrees

angle of yaw, degrees

angle of sideslip, degrees (-V)

elevator deflection or slerudder defleciion when elerudder
surfaces are deflected upward or downward togsther,
positive when both surfaces are down, degrees

rudder deflectlon or elerudder deflection when eleruddor
surfaces are deflected equal and opposite-amounts on the
two sides, positive when right surface is up and left

surface is downi, degrees

dihedral engle of tall surface measured from XY -plane of vee
tall to each tall panel, degree

control-effectiveness paremeter __:53 LN

Souy
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angle of attack measured in plans normal to chord plane
of each tail panel, degrees

tall 1ift coefficient for uniform a.ngle of a‘b'back on tail
at B = 0° (sum of lifts measured in plenes normel to
chord plenes of each tail penel as shown .in fig. l(c)) :

sum of changes in tail ‘1if% coefficient without regard to
slgn vhen tail is .yawed et o = 0° (one-half of 1lift is
measured in plane normal to each tall penel as shown in
£ig. 1(d); equal and opposite spen load distributions

overlap so that CIN' = KCIN)

ratio of sum of lif'bs o'b'bained 'by equal and. opposite cha.nges
in angle of attack of two semispans of tail.to 1ift
obteined by an equal. change in angle of atteck for complete
tail

rate of change of 1ift coefficient with engle of attack,

()
por degree —_—
S

rete of chenge Qf lift coefficient with elevator deflection,

: BCL
rer degree —_—
aaa

.rate of change of lateral-force coefficient with angle of

: Xy
sideslip, per degres —
. 4 : : B
rate of change of lateral-force coefficient with x;udder

dei‘lection per degree ( )
35

rate of oha.nge of pitching-moment coeff icient wi'bh a.ngle

' 3Cp,
of attack, per degrse ( )

rate of change of pitching-moment ccefficient with elevator

deflectlon, per degree (DL
boie)
®
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rate of change of rolling-moment coefficient wlth angle of

1B 3
sldeslip, per degree (;—~%)
- .\ OB
Cph . rate of change of yawing-moment ccefficient with angle of
B 3
sldesllp, per degree (.....E)
oB
Cy, . slope of tail 1lift curve in.pitch meassured in plans normal
oy to chord plane of each tall
Cn§ rate. of change of yawing-moment coefficient with rudder
r ' oC
deflection, per degreo L
. Fots)
r
018 rate of change of rolling-moment coefficient with rudder
" , 7

deflection, per degree i)
%)

APPARATUS, MOTELS, AND TESTS

The force tests of two isclated vee taills were made on the
Lengley free-flight tunnel six-component balance described in
reference 2. The balance rotates with the model in yaw so that all
forces and moments are measured with respect to the stabllity axes.
A sketch of the stability sxes showing the pogitive direction of
nmoments and forces 1g given as figure 2. '

The two isolated-taill-surface models sre shown in figure 3.
Tall A had an sspect ratlo of 5.55 snd taper ratio of 0.39 and
tail B had en aspect ratio of 3.70 and taper ratio of 0.56. The
tails were hinged at the root chord to permit veriation of the dihedral
angle, and streamline felrings wers added to simnlate the rear part
of & fuselsge. The dihedral angles were set at 0, 19.5°, 38.8°, 51.5°,
end 59.1° for tall A and were set 0°; -30.0°, 39.8%, and 50.3° for
tail B.

Force tests.were made of the two tails with various amounts of
dihedral, with elevator deflections of 0°, 10°, and -10S and with
rudder deflections of 0° and 10°. The tests were made at a dynamic
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pressure of 4.1 pounds per square Foot, which corresyonds ‘o an
alrspeed of about 40 miles per hour ard to test Reynolds numbers
of 199,000 for teil A and 256,000 Ffor taill B based on the mean

- geometric chords of the tails.

The coefficients are based on trus ares, span, and mean
geometric chord of the tail surfaces. The rolling and yawing
moments are referred to axes 1ntersecting at a point 25 percent of
the root chord for each tail. The pliching moments are referred
to the 25-percent point of the mesn geometric chord for each tail
and for each dihedral angle to permit correlation of the experimental
results with calculations based on simple trigonometric relations

; : ' | CALCULATIONS

Calculatlions were made of the variation of some of the stability -
and control parsmeters with dihedral angle. . The formules -used for
caleulating Cy , CLS , CYﬁ’ end Oy,  correspond to formiles (5),

o (=) ’ r

(6), (7), and (8), respectively, of reference 1. In using thess *
formules Cy wes assumed to be equal to (Cp and CL T
N /Te0% o
equal to (cL ) - The constents K .of 0.7 -for tail A and 0.67
I'=0°

for tail B were obtained from figure 2 of wreference 1.

The formulas for C and C.,  are based ocn the Formles
Ty, Mg,

for. CLm and CL& , respectively. The variation of Czﬁ-'with
o

dihedral sngle was estimated by the empirical formule.

. . CZ .
Gy 3 sinl e
B . _ ' T I‘l=oo

The control-effectivensss paremeter T was obtained from the retio
of CL5 to Cp  for the 0° dihedral condition. No simple empirical
o o

relationship could be formulated for the veriation of Cpg  emd cnar
with dihedral, thersfore, no celculations were made for these parametors.
It was assumed that Czar would not vary with dihedral engle except

in cases of interference between the two mides of the teil.
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RESULTS AND DISCUSSION

The basic force-~test data are presented in figures 4 to 6 for
tall A and in figures T to 9 for tail B. Flgures 10 and 11 show a
comparison of calculated and measured values of stability and control
paremeters for both taeils. The messured values of the stability
paremeters were obtained from the slopes of the curves in figures L
to 9 and the values of the control perameters were teken as the .
increments between the curves for different control deflections in
these figures.

In general, the agreement between the calculated and experimental
date of figures 10 and 11 i1s falrly good except at the high dihedral
angles where interference between the two panels of the vee tail
occurs. A comparison of the data of CLcn and CYB shows that at

the high dihedrsal angles the vee tall 1s more effective in pltch and
less effective in sideslip than the calculations indicate. The CZ
g8

data also show lower measured effectivensas in sideaiip than the
calculations indicate at the high dihedral angles. The values
of Cp ng and Cn'c‘)r' increase with increa.sing dihedral angle but there

is no consisten'b variation of CZSI. wvith dihedrael.

’

Langley Memorial Aeronmutical Leboratory -
Netional Advisory Committee for Aeronautics
Lengley Field, Va., May 20, 1947
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@) Vee tail in pitch; 8 = O.  If oc 15 small, ecy=occos/

(b) Vee tail in sidesljp;ec=0. If £ 1s small oc,<Sswil
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&= Goos/7 C = q sinl”

() Vee tail in pifch. (d) Vee tall in sidestip.

Figure I. - Relations of angles and force coefficierts for
Vee tairl inpifch ond sidfes/ip.
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